Oral reading and expressive language skills were examined in 2 cohorts of children aged 5-15 years, who had mild, moderate, or severe traumatic brain injury. Children recruited prospectively from time of injury were assessed on 5 occasions over 2 years in a longitudinal study of change in reading skills, using the Gray Oral Reading Test-3rd Edition, and in expressive language, using the Formulated Sentences subtest of the Clinical Evaluation of Language Fundamentals-3rd Edition. Contributions of related cognitive-linguistic skills were also examined. Children recruited retrospectively were studied on a single occasion in a cross-sectional design investigating the contribution of agerelated variables to the reading and sentence formulation scores. Similar to previous studies of childhood traumatic brain injury, children injured when younger initially showed a more rapid rate of recovery but poorer overall performance on outcome measures than did children injured when older. Socioeconomic status strongly predicted outcome for both reading and expressive language.
R
EADING AND LANGUAGE SKILLS are among the domains strongly affected by childhood traumatic brain injury (TBI). For example, in a 5-year longitudinal study, EwingCobbs and her colleagues (2006) found that children with TBI scored significantly lower than age-, gender-, and race-matched uninjured children on achievement tests of reading, language, and mathematics. In addition, after injury, nearly 50% of the TBI group had failed a school grade or required placement in special education classes. The authors estimated the probability of a child failing a grade or requiring special education was 18 times higher for children with TBI than comparison children. In another study, researchers (Stallings, Ewing-Cobbs, Francis, & Fletcher, 1995) compared scores on standardized academic achievement tests for 2 years preinjury to scores 2 years postinjury for children with mild and moderate-to-severe TBI. The children with TBI showed significantly poorer reading scores in the 2 years following TBI relative to their performance before the injury, with the greatest differences appearing in reading comprehension and reading and language composite scores.
Although the impact of childhood TBI on academic achievement has been documented, relatively little is known about specific reading skills, their interrelations, and the course of recovery of reading deficits. In a cross-sectional study of reading after childhood TBI in school-aged children, Barnes, Dennis, and Wilkinson (1999) reported that word reading fluency was slower in children with TBI (mean age = 11.9, SD = 2.6) than in typically developing children (mean age = 11.8, SD = 2.5), even when word reading accuracy was equated between groups. Further, they found that fluency was related to reading comprehension. Two important predictors of difficulty in reading after childhood TBI were the child's age at the time of injury and the presence of bilateral or left-sided contusions of the brain. Being cross-sectional, the study could not address the trajectory of recovery for reading skills.
Deficits in expressive language after childhood TBI have also been reported, especially in children with a younger age at the time of injury or a more severe injury (Ewing-Cobbs, Levin, Eisenberg, & Fletcher, 1987) . Catroppa and Anderson (2004) investigated the predictors of language skill recovery in a group of pediatric TBI patients, who were followed for 2 years after injury. The authors found that injury severity, preinjury communications skills (as measured by the Vineland Adaptive Behavior Scales, Communication Subdomain), socioeconomic status (SES), vocabulary, and age-at-injury were related to language outcomes. In a study of children with TBI between the ages of 5 and 14 years, Chapman, Levin, Matejka, Harward, and Kufera (1995) reported relations between performance on measures of narrative discourse and psychosocial function, as well as between receptive vocabulary and injury severity.
In the current paper, we report findings from a longitudinal, prospective study of reading and expressive language after mild, moderate, and severe childhood TBI in a cohort of children aged 5.5-17 years. In addition, we report findings from a companion crosssectional study of children recruited retrospectively, which included children injured at an earlier age than those in the prospective study. Both studies involved the same tasks and analyses of reading and language outcomes in relation to age-related variables, severity of injury on the Glasgow Coma Scale (GCS; Teasdale & Jennett, 1974) , SES, and gender. Because we were interested in age-related variables, we included both age-at-injury and interval (that is, time elapsed between the injury and the time of testing) in the analyses. When considered together, age-at-injury and interval account for age-at-test effects (age-atinjury + interval = age-at-test), and therefore they allow a focus on injury-related variables while controlling for developmental effects on performance.
The prospective study examined the longitudinal trajectory of recovery of reading and language in a cohort followed for 2 years from the time of TBI. We hypothesized that reading and language outcomes for children who had sustained moderate or severe TBI would show recovery over time, which would be related to injury severity. In addition, we looked at the relation between a number of reading-related skills and reading and language performance 2 years after injury, with the expectation that some of the variables would be more closely related to outcome than others.
The cross-sectional retrospective study allowed the comparison of age-at-injury to interval. This could not be done within the prospective cohort alone because all children were tested at the same intervals (baseline, 3, 6, 12 , and 24 months) over 2 years, and thus, there was no variability in the intervals since injury among children, which precludes analysis of variance. The addition of the crosssectional retrospective study also allowed us to extend the age range on the younger end to examine reading and language outcomes for 238 TOPICS IN LANGUAGE DISORDERS/JULY-SEPTEMBER 2009 children injured at an earlier age but tested at ages within the school-age range of this investigation. Children in the retrospective cohort were recruited two or more years after a TBI, with a youngest age-at-injury of 3.03 years. We hypothesized that children injured at a very young age would have poorer reading and language outcomes than children injured later in childhood, but that a longer interval would be associated with better recovery.
PROSPECTIVE LONGITUDINAL STUDY

Methods
Participants
Children aged 5-15 years, who had sustained mild, moderate, or severe TBI arising from closed head trauma were recruited at the time of initial hospitalization at one of three academic medical centers in Texas, as well as the University of California at San Diego and The Hospital for Sick Children in Toronto. Severity of injury ranged from mild to severe on the basis of the lowest postresuscitation GCS score. Mild TBI was defined as brief loss of consciousness limited to 15 minutes, a GCS score of 13-15, and normal computed tomographic findings within 24 hours after injury. Moderate TBI was defined as a GCS score of 9-12 without subsequent deterioration to a lower score, or a GCS score of 13-15 and abnormal computed tomographic findings within 24 hours after injury. Severe TBI was defined as a GCS score of 8 or less, regardless of computed tomographic findings. Exclusion criteria included a history of severe psychiatric disorder (e.g., schizophrenia), evidence of child abuse, previous admittance to a hospital for TBI, or preinjury mental deficiency. An index score of SES based on four factors (education, income, occupation, and occupational prestige) was measured by the Hollingshead Index (Hollingshead, 1975) . Both cohorts were recruited, consented, enrolled, and tested with approval and according to the internal review board and human subjects guidelines of the participating institutions.
One hundred seventy-three children who had sustained mild (n = 47), moderate (n = 60), or severe (n = 66) TBI were enrolled in the prospective, longitudinal study. The injury groups did not differ significantly in age, F(2, 170) = 0.33, p = .7164, or in SES, F(2, 170) = 1.87, p = .1566. In accordance with childhood TBI demographics, there were more males (n = 120) than females (n = 53), but the relative gender proportions did not vary by group, χ 2 (2, n = 173) = 3.4, p = .1826. Demographic and injury characteristics by group are provided for each of the cohorts (prospective and retrospective) in Table 1 .
Procedures
After parental informed consent was documented, children were administered the battery of neuropsychological tests. Parents completed questionnaires relating to family history and social and demographic factors. Children were assessed on five occasions, at baseline (within a month of injury, n = 163), 3 months (n = 151), 6 months (n = 146), 12 months (n = 139), and 24 months (n = 111), although not all measures were given on all occasions.
Outcome measures
Gray Oral Reading Test-3rd Edition (GORT-3; Weiderholt & Bryant, 1992) : This widely used standardized test of oral reading for individuals 6-18 years of age consists of two parallel forms with comprehension questions about developmentally sequenced reading passages. The child is asked to read aloud a short passage, starting with very simple sentences ("See the ball.") and advancing to more complex passages. The GORT-3 has a comprehension score, which is the number of correct responses to questions about the material read, and a passage score derived by combining performance in rate (time in seconds taken to read each passage) and accuracy (number of spoken deviations from print made in each passage). Because of our interest in the relative effects of ageat-injury, age-at-test, and interval, raw scores were used for the GORT-3 in all analyses. GORT-3 raw scores also were required for the analyses of the contributions of related Semel, Wiig, & Secord, 1995) , Formulated Sentences: This is a 22-item subtest assessing expressive language ability at the sentence level. The child is asked to generate one sentence based on a picture, using a target word or phrase. Sentences are scored from 0 to 2 points on the basis of appropriate reference and grammatical correctness. As with the GORT-3, and for the same reasons, CELF-3 raw scores were used for all analyses.
Related cognitive-linguistic skills
Spoken Nonword Discrimination: In this phonological discrimination task, children hear 24 pairs of one-, two-, and three-syllable nonwords and indicate if the items in the pair are identical or if they differ by a single phoneme. There are equal numbers of matches and mismatches at each syllable level. The score is the percentage of correct discriminations.
Woodcock Johnson Tests of Achievement-III (Woodcock & Mather, 1989) , Letter-Word Identification (W-J Letter-Word): This test measures feature detection and analysis (for letters) and recognition of visual word forms from a phonological lexicon, as well as access of pronunciations associated with visual word forms. The child reads aloud first single letters and then words of increasing difficulty. The score reflects the number of correct items read before reaching a discontinuation criterion of six errors.
Rapid Automatized Naming (RAN), pictures (Denckla & Rudel, 1974 , 1976 : This timed test of naming line drawings of common objects has been shown in over two decades of research to be a strong predictor of reading ability (Denckla & Rudel, 1974; Wolf, Bowers, & Biddle, 2000) , which is independent of phonological processing. It discriminates not only normal readers from children with dyslexia, but also children with learning disabilities from children with dyslexia (Denckla & Rudel, 1976) . Fifty items (5 rows of 10 stimuli each) are named aloud as quickly and accurately as possible. Responses were recorded digitally. The dependent measure is the time required to complete the task.
Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1991) : A widely used nationally standardized test of intelligence, the WASI two-factor yields measures for verbal performance and full-scale IQ. For our study, we used the Vocabulary subtest (WASI-Vocabulary), which measures the degree to which one has learned, been able to comprehend, and verbally express vocabulary, and matrix reasoning (WASI-MR), which measures nonverbal abstract problem solving, inductive reasoning, and spatial reasoning.
N-back Working Memory Task (Levin et al., 2002) : We used two versions of an N-back task to assess working memory. Each task (letter identity and letter rhyme) has three levels of memory load: 1-back, 2-back, and 3-back. In addition, a 0-back condition imposes a minimal memory load while controlling for attention to task. In each level of memory load, there are 40 trials in which the child views a continuous string of 40 letters appearing one letter at a time on the computer screen. The child is instructed to press a key when a set of matching letters occurs. For example, in the 1-back letter identity condition, the second "Q" in ". . . q Q l c . . ." would be a target. In the 2-back letter identity condition, the "H" in ". . . h p H J . . ." would be a target. In the 1-back letter rhyme condition, the "C" in ". . . HPCL . . ." would be a target (because "C" rhymes with "P"). Versions of the task varied only in the dimension of the attended letter-whether it had the same identity as a previous letter or whether it rhymed with a previous letter. A total score for each of the identity and rhyme tasks was derived by subtracting false alarms for each child from the number of correct hits on the target letters.
Statistical analysis
Demographic data were compared using analysis of variance for continuous variables (age-at-injury, age-at-test, SES) and a χfor categorical variables (gender). A generalized linear mixed model with the intercept and slope entered into the random effect was applied to the CELF-3 scores and the GORT-3 comprehension and passage scores. Note that the chronological age of each child (ageat-test) is the sum of the child's age-at-injury and length of the interval between the time of the injury and the time of testing. In the prospective study only, at the time of enrollment (baseline) age-at-injury is equal to ageat-test, because at baseline there is no interval between time of injury and time of test. Because we used interval for the growth variable to look at change over time, either ageat-injury or age-at-test, but not both, could be entered into the model. We chose to use ageat-injury, because age-at-injury and interval together account for age-at-test.
For all analyses, raw scores were used to examine combined effects of age-at-injury and postinjury interval, and to maintain consistency among measures. Linear and quadratic terms of the postinjury interval were entered into the model to examine the trajectories of recovery patterns, if there were such patterns. Age-at-injury, SES, and gender were examined for effects on the intercepts, slopes, and curvatures of the recovery. Because the distribution of the CELF-3 data was negatively skewed (that is, children were more likely to score below the mean than above the mean), the skewness coefficient was less than zero, which makes handling the data during analysis awkward. To use an appropriate distribution for the data, all data were flipped (that is, values were "flipped" by subtracting each patient's score from the maximum possible score) for the analysis. A generalized linear mixed model was fit to the data, which is similar to a general linear mixed model, but with the assumption of Poisson distribution, required in this case because the data comprised integers that were not normally distributed. Predictors were related to the outcome data through a log link function. To interpret the results, the results of the analysis were flipped back. All continuous variables entered as covariates (e.g., age-at-injury, SES, postinjury interval) were centered at the grand means, that is, considered in terms of units (such as years of age) above or below the overall mean.
To examine the contributions of related cognitive-linguistic skills to performance on the GORT-3 and CELF-3 in the prospective cohort at 24 months postinjury, we first did simple correlations of the related cognitivelinguistic measures (RAN, WASI-Vocabulary, WASI-MR, W-J Letter-Word, Nonword Discrimination, N-Back Working Memory-Rhyme and Letter Identification) with oral reading scores (as measured by the GORT-3) and expressive language scores (as measured by the CELF-3 Formulated Sentences subtest). Measures that were significantly related to outcome were then entered singly into a model, including injury severity, age-at-injury, gender, and SES. Interactions with severity and age-at-injury were also examined for each factor. Any resulting significant factor was entered into a full model to evaluate contributions to the outcome measures. The final model contained only measures that showed a significant relation to the outcome measures when other significant factors were controlled. Table 2 displays the summary statistics for the outcome measures.
Results
Effects of injury severity, age-at-injury, interval, and SES on change over time
Oral reading
GORT-3 comprehension and passage scores: Assessments were performed at 3 months, 12 months, and 24 months. Comprehension scores varied significantly by injury severity group, F(2, 75) = 4.45, p = .0149, with children in the mild TBI group performing better than those with either moderate or severe TBI. SES also influenced the comprehension score, with children of higher SES performing better, F(1, 75) = 28.23, p < .0001. Age-at-injury affected the pattern of change, that is, the slope, of comprehension scores, F(1, 75) = 23.72, p <.0001, such that younger children recovered slightly faster than did older children, but initially were more impaired, as indicated by the difference in the group baseline Figure 1 , which shows fitted data for the mean age (10 years), and for 1 SD above and below the mean age. Passage scores, reflecting rate and accuracy, did not differ significantly as a function of severity of injury, F(2, 74) = 2.25, p = .1123, in contrast to the comprehension scores. However, as in the comprehension scores, SES was a significant factor, F(1, 74) = 41.00, p < .0001, and age-at-injury affected the recovery pattern for both slope, F(1, 74) = 76.89, p < .0001), which was steeper for younger children, and changes in the slope over time (quadratic term of interval; F(1, 74) = 9.57, p = .0028), which were greater for older children. Younger children were more impaired at baseline, but showed a faster rate of recovery, F(1, 74) = 41.00, p < .0001.
TOPICS IN LANGUAGE DISORDERS/JULY-SEPTEMBER 2009
Expressive language
CELF-3 formulated sentences: Assessments were performed at five time points: baseline (within 1 month of injury), 3 months, 6 months, 12 months, and 24 months. Pattern of change for mean GORT-3 comprehension raw scores by mean age and age at 1 SD above and below the mean for the prospective cohort. Data displayed are values estimated from the model for the three age points across the three injury groups (which did not differ significantly on the pattern displayed). Note. GORT-3 = Gray Oral Reading Test-3rd Edition.
Performance on the Formulated Sentences subtest varied by severity group, F(2, 353) = 12.01, p < .0001, with the mild group scoring significantly higher than the moderate and se- vere TBI groups. Children with mild, moderate, and severe TBI demonstrated similar patterns of change over time (shown in Fig 2) , with no significant differences among groups 244 TOPICS IN LANGUAGE DISORDERS/JULY-SEPTEMBER 2009 on trajectory. Age-at-injury had a significant effect on performance, F(1, 353) = 229.30, p < .0001, such that children injured at a younger age (therefore tested at a younger age) performed more poorly. The age × severity interaction was not significant. SES affected the slope of change over time, F(1, 353) = 7.39, p = .0069, such that children from higher SES families had steeper slopes, and therefore showed faster improvement over time. There was also a quadratic effect of interval, F(1, 158) = 12.23, p = .0006, reflecting that improvement in performance was not uniform over time (linear) but was more pronounced early on, in the acute stages of injury, regardless of injury severity or age, as shown in Figure 2 , which represents the fitted data for the model of change over time on mean CELF-3 scores by injury severity group.
Contributions of related cognitive-linguistic skills to oral reading and expressive language 24 months after TBI in the prospective cohort of children
The following analyses included data from a subset of 111 children (all those with complete datasets for included measures) who had sustained a mild (n = 34), moderate (n = 38), or severe (n = 39) TBI 24 months previously. Among the injury severity groups, there were no significant differences in age-at-injury, F(2, 108) = 0.34, p = .7116; SES, F(2, 108) = 0.75, p = .4734; or gender, χ 2 (2, n = 111) = 2.1217, p =.3462.
Oral reading
GORT-3 comprehension and passage scores: All the measures were significantly correlated with the GORT-3 comprehension score. With injury severity, age-at-injury, SES, and related cognitive-linguistic measures and their significant interactions entered into one model, only RAN, χ 2 (1, n = 111) = 4.17, p = .0413; W-J Letter-Word, χ 2 (1, n = 111) = 21.24, p < .0001; and WASIVocabulary, χ 2 (1, n = 111) = 10.10, p = .0015, made significant contributions, which were similar across all injury groups and ages.
Each of the cognitive-linguistic measures also correlated significantly with the GORT-3 passage score. When all significant terms from each single model were entered into one model, only RAN, χ 2 (1, n = 111), p < .0001 and W-J Letter-Word, χ 2 (1, n = 111), p < .0001, made significant contributions. In addition, the contribution of W-J Letter-Word depended on age-at-injury, χ 2 (1, n = 111) = 9.77, p = .0018, such that the relation was stronger for younger children.
Expressive language
CELF-3 formulated sentences: All of the cognitive-linguistic measures were significantly correlated to the CELF-3 subtest score. However, when all significant effects from each single model were included, only RAN, W-J Letter-Word, and WASI-Vocabulary made significant contributions to the CELF-3 scores at 24 months postinjury. Contributions of Vocabulary, χ 2 (1, n = 111) = 50.60, p < .0001, and W-J Letter-Word, χ 2 (1, n = 111) = 3.81, p = .0510, were similar across groups. However, the contribution of RAN depended on age, χ 2 (1, n = 111) = 7.14, p = .0075, such that the relation was weak and nonsignificant for younger children (<10.23 years), but became stronger and significant with older age.
RETROSPECTIVE CROSS-SECTIONAL STUDY
Methods
Participants
One hundred thirty-five children with mild (n = 59), moderate (n = 30), and severe (n = 46) TBI that had occurred at least 2 years previously were identified and recruited from a medical records search or from participation in previous studies of childhood TBI, then were tested in a single session for a crosssectional study.
Injury groups did not differ in mean ageat-test, F(2, 132) = 0.42, p = .6552; ageat-injury, F(2, 132) = 0.27, p = .7651; or interval, F(2, 132) = 0.13, p = .8749.
However, there was a significant difference among the injury groups for SES, F(2, 127) = 6.24, p = .0026, with children with mild TBI having a higher SES than those with moderate or severe TBI, but moderate and severe not differing significantly from each other. In accordance with childhood TBI demographics, there were more males (n = 87) than females (n = 48), although the relative proportions did not vary significantly by group, χ 2 (2, n = 135) = 0.8451, p = .6554. The retrospective cohort had a considerably larger range of age-at-injury than did the prospective cohort, as well as longer and more variable intervals. For example, in the retrospective study, if we tested five different children who were approximately 13 years of age at the time of testing, one child might have sustained injury at 3 years of age, one at 7 years, one at 8 years, and one at 11 years. Thus, for this retrospective group, age-at-injury varied independently of age at the time of testing, which allowed us to look at differences in performance that corresponded to the age that the child was injured when the age at which they were tested was held constant.
Procedures
Outcome measures
Outcome measures were the same as for the prospective study, that is, the GORT-3 comprehension and passage scores and the CELF-3 Formulated Sentences subtest.
Statistics
As for the prospective study, demographic data were compared using analysis of variance for continuous variables (age-at-injury, age-attest, SES) and a χ 2 test for categorical variables (gender). A generalized linear model was used for testing age-at-injury and postinjury interval effects on the outcome measures (CELF-3 scores, GORT-3 comprehension and passage scores). In these models, effects of SES and gender were controlled if they were significant. As for the prospective study, interval since injury and either age-at-injury or ageat-test (but not both) were entered into the model.
Results
Effects of injury severity, age-at-injury, SES, and interval in retrospectively recruited children
Oral reading
GORT-3 comprehension and passage scores: Comprehension scores differed significantly by group, χ 2 (2, n = 135) = 13.21, p = .0014, such that children in the mild TBI group had better comprehension scores than did either moderate or severe TBI group. The influence of SES on comprehension scores differed by injury group, with performance of the moderate TBI group influenced more by SES than either mild or severe TBI groups, χ 2 (2, n = 135) = 6.91, p = .0316. Age-at-injury, χ 2 (1, n = 135) = 43.07, p < .0001 and postinjury interval, χ 2 (1, n = 135) = 39.60, p < .0001, had an effect on GORT-3 comprehension scores, such that children with older age-at-injury and with a longer interval performed better, although the magnitude of the effect was similar across injury groups.
Passage scores (rate and accuracy) differed significantly by injury severity, χ 2 (1, n = 135) = 13.29, p = .0013, and the effect depended on SES, χ 2 (1, n = 135) = 14.23, p = .0008. As with reading comprehension, SES influenced performance in each injury group differently such that among patients with a Hollingshead Index lower than 50, mild TBI patients had the best performance, but when the index was higher than 50, moderate TBI patients had the best performance. Age-atinjury, χ 2 (1, n = 135) = 61.28, p < .0001, and interval, χ 2 (1, n = 135) = 77.13, p < .0001, influenced passage scores, with an older ageat-injury and a longer interval being associated with better performance in each injury group, just as for comprehension scores.
Expressive language
CELF-3 formulated sentences: Injury groups differed significantly on the CELF-3 sentence formulation score, χ 2 (1, n = 135) = 11.11, p = .0039, with each group reliably different from the other in the expected direction (mild > moderate > severe), and with the magnitude of difference greatest between the mild and severe groups. Age-at-injury had the predicted strong effect across all groups, χ 2 (1, n = 135) = 41.68, p < .0001, with children injured at an early age performing more poorly than those injured later in childhood, especially in the children with severe TBI (Fig 3) . Interval had a similarly strong effect on performance, χ 2 (1, n = 135) = 28.90, p < .0001, with longer interval being associated with better performance. SES also contributed to performance equally across groups, χ 2 (1, n = 135) = 16.55, p < .0001.
Summary of findings
We examined the effects of age-at-injury, SES, and interval on recovery from TBI. Our findings are broadly consistent with the literature reporting the effects of TBI in children on measures of reading and language. Severity of injury had an effect on reading comprehension and on expressive language, in that the children with severe TBI had significantly poorer comprehension scores than those with moderate or mild TBI. On the passage score, which comprised accuracy and rate of reading, the differences among the children with mild, moderate, and severe TBI were not significant, suggesting that higherlevel literacy processes are more vulnerable to TBI.
The positive slopes for each outcome measure indicate improvement in performance over time. However, the magnitude of the increase was equal across groups, suggesting that factors other than recovery from brain injury, such as practice effects, recovery from the stress of general trauma, or typical developmental effects, including increasing level of education, may play a role. Although children with mild TBI may be an appropriate comparison group for children with moderate or severe TBI in terms of nonspecific risk factors, recent evidence suggests that even mild TBI may result in diffuse axonal brain injury undetectable by conventional imaging methods. Therefore, a weakness of this study is the lack of a non-brain-injured control group to assess the contribution of the above-mentioned developmental and practice effects.
For each of the outcome measures, we found younger age-at-injury in the retrospective study was associated with greater impairment after TBI, even when the child's chronological age at the time of testing was taken into account. That is, of children the same age at the time of test, the ones injured when very young were more likely to have poorer performance. In addition, on the measures of oral reading, in the prospective study, younger children (1 SD below the mean age) showed faster rates of improvement over time than did older children (1 SD above the mean age). Although it is tempting to attribute this pattern to faster recovery from injury for younger children, it should be noted that the negatively accelerated curves are also consistent with the rapid development of language and cognition in children of this age range.
For all measures, socioeconomic factors played a large part in improvement over time, especially in expressive language, confirming findings on the role of socioeconomic factors in the recovery from effects of TBI in other domains, such as social problem solving Yeates, Taylor, & Drotar, 1997) . Although the present study did not examine whether such effects were the result of differential access to treatment and rehabilitation services, such an interpretation is plausible. Nonetheless, it appears there are constraints related to injury severity on the effect of SES on performance of these measures. Interestingly, the children with moderate TBI showed a greater positive effect of higher SES than did children with mild TBI, for whom, presumably, the effects of injury were minor, or for children with severe TBI, for whom it might be argued that the effects of injury were so devastating that even greater family resources associated with higher SES could not overcome.
After accounting for age-at-test, severity, SES, and interval, we examined related cognitive-linguistic factors to determine which contributed to reading and expressive language skills in our prospective cohort of children with mild, moderate, and severe TBI. Our analyses revealed the greatest contributions were made by performance on W-J Letter-Word Identification and the RAN, which were each associated with better performance in all three outcome measures, followed by WASI-Vocabulary, which made a strong contribution to reading comprehension and expressive language, but not to speed and accuracy of reading.
Given the high probability of impairment in working memory after TBI in children (Levin et al., 2002) and the role of working memory in reading (Daneman & Carpenter, 1980) , we expected to find a relationship between performance on the N-back working memory tasks and reading scores. Surprisingly, we found no such relationship. Unsurprisingly, as mentioned above, measures directly related to language were the most influential determinants of reading comprehension and expressive language. These measures assessed several symbol systems of language processing, including semantic, lexical, phonological, and orthographic, suggesting that TBI can impair multiple aspects of reading and language processing, as would be predicted given the diffuse nature of TBI in terms of function and neural structure. Consistent with findings that less complex levels of cognition are relatively spared in children after TBI (G. Hanten & Levin, 2008) , skills related to sound/word decoding or more surface level language skills appear to be less affected than are more complex skills.
Our findings suggest that children with TBI should be assessed for subtle language impairment, and that intervention efforts aimed at remediating other cognitive skills take into consideration the possibility of language difficulties in children after TBI, particularly those patients injured at an early age. These data add to the body of literature informing the effects of childhood TBI on cognitive and academic skills and contribute to an understanding of the mechanisms underlying deficits in reading and expressive language. Such understanding is important to the formulation and development of interventions addressing cognitive deficits after childhood TBI.
